Abstract-Internet Protocol version 6 (IPv6) over Low-power Personal Area Network (6LoWPAN) is proposed by the Internet Engineering Task Force (IETF) working group to accomplish the concept of IP-based Wireless Sensor Network (WSN). A new layer is incorporated between IPv6 network layer and 802.15.4 MAC layer, which is entitled adaptation layer. Header compression, packet fragmentation, and layer two forwarding are the main tasks of the adaptation layer. An IPv6 packet is too big regarding to the Maximum Transmission Unit (MTU) size of 802.15.4 standard thus it has to be fragmented. Breaking up a big packet to number of small fragments and attaching new headers to each fragment may affect the energy level. In this paper, we place an attention on the impact of the adaptation layer on the energy consumption of a 6LoWPAN sensor node. From our analysis, we found that the adaptation layer, in particular the fragmentation process may increase the energy consumption of a sensor node by 5 to 10 percent.
I. INTRODUCTION
Wireless sensor network (WSN) is one of the technologies, which supports various types of application such as healthcare, military, environment, and object tracking. A set of heterogeneous low-power sensor nodes, which is able to communicate among each other are deployed in a vast area. They are interoperable with existing access technologies (e.g., Ethernet). Connection to the Internet Protocol (IP)-based networks makes such a widespread and ubiquitous environment certain. The use of IP offers various advantages to WSN like simplification the connectivity model, alleviation the need for complex gateway, interoperability with existing IP network link, enhanced security, end-to-end reliability, and so on [1] , [2] , [3] . 6LoWPAN is suggested to define a new layer so called adaptation layer to use IPv6 over LoWPAN as exemplified by IEEE 802.15.4 [4] . IEEE 802.15.4 supports small, cheap, energyefficient devices operating on battery power with low rate and low power. The standard for low rate wireless personal area networks is considered as one of the technology candidates for wireless sensor networks [1] , [2] . Due to the limitation in address field and functionalities of IPv4 recent researches in the field tend to the use of the IPv6. The employment of IP may fairly enhance the functionalities of a sensor node, while WSN itself in general is restricted by the node's lifetime and power resource, and thus it shares similar inherent limitation of WSN, particularly on energy consumption. In fact, the size of a normal IP packet is far greater than the MTU frame size defined by IEEE 802.15.4. To solve these issues, the Despite the adaptation layer tries to fit a large IPv6 packet into several small ones (i.e. MAC MTU size), these additional tasks may cause to the higher energy consumption of a node. By focusing mainly on the adaptation layer, this paper investigates the amount of energy consumption generated by this layer and its impact on 6LoWPAN nodes. In other words, we examine whether the adaptation layer itself may contribute to a significant amount of energy consumption in a sensor node.
The remainder of this paper is organized as follows. In Section 2, we provide an overview of 6LoWPAN. Section 3 describes the theoretical framework for analyzing energy consumption generated by the adaptation layer,. Finally, we present the performance evaluation in Section 4, followed by some concluding remarks.
II. AN OVERVIEW OF 6LOWPAN
A typical 6LoWPAN architecture is shown in Fig. 2 . Gateway, Full Function device (FFD), and Reduced Function Device (RFD) are the main devices in 6LoWPAN. The gateway is responsible to transmit packets from the sensors to IPv6 2nd -5th October 2011 | Sutera Harbour Resort, Kota Kinabalu, Sabah, Malaysia 978-1-4577-0390-4/11/$26.00 ©2011 IEEE network and vice versa. The RFD is used to to measure physical quantity like temperature, humidity, etc. and send data to its parent which is a FFD. The FFD has more processing capability and responsible to packet forwarding. RFD sends the packets to FFD and FFD forwards data to the 6LoPWAN gateway based on hop by hop principle. 6LoWPAN approves IEEE 802.15.4 standard PHY and MAC layer for the underside layers, physical and MAC, respectively. At the same time, its network layer is based on IPv6. However, such assumptions are not proper for 6LoWPAN since the MTU size of an IPv6 packet is 1280 octets while the maximum MAC frame size defined by IEEE 802.15.4 is 127 bytes [6] . It is noticeable that a complete IPv6 packet will not be small enough into an IEEE 802.15.4 frame. To address this issue, adaptation layer is proposed as a new layer, which is placed between the IPv6 network layer and MAC layer (as illustrated in Fig. 1 ). In standard, this adaptation layer is responsible for providing a seamless connection between the above mentioned IPv6 network and MAC layers by performing three crucial tasks, namely, header compression, fragmentation and layer-two forwarding [5] .
The adaptation layer removes some needless IPv6 header (e.g. version, traffic class, flow label, payload length, next header, source and destination address). By the other hand, a 40-byte IPv6 packet header is packed down to a smaller header size (i.e., 2 to 11 bytes) regarding to the types of application [4] . Meanwhile, whenever the IPv6 packet cannot fit into the MAC frame payload size (102 bytes of payload), the packet is fragmented into the multiple link-layer frames. Thus, instead of sending a single packet (as is the case in normal WSN), more packets (or frames) have to be sent (and received at the other end). Since both send and receive operations are the two activities that consume the most energy in a sensor node [7] , it is apparent that such a fragmentation process will severely affect the energy consumption of 6LoWPAN. Besides the header compression and packet fragmentation, the adaptation layer is also able to carry link-level addresses as well as to perform intra-PAN routing via the adaptation layer forwarding. Interested readers are referred to [4] , [7] for a more detailed description on 6LoWPAN.
III. ENERGY CONSUMPTION -THEORETICAL ANALYSIS
In our analysis, we define the fragmentation process as the partitioning of data received from the higher layers according to the specific packet size of 802.15.4 MAC layer. Let f s be the specified fragment size and l the size of a packet that should be fragmented, the number of fragments can be computed by n f = l/f s . It should be noted that an h-byte header (range between 2 to 11 bytes) will be added to each fragment.
Since the energy for receiving and transmitting packets are almost similar in a sensor node [8] , throughout this paper our analytical formulation focuses only on the receive mode of a sensor. Here, we consider two distinct scenarios. In the first scenario, referred to as Case 1, we assume that the receiver has to stay awake during the reception of all fragments. Thus, we Fig. 2. 6LoWPAN Network Structure assume that the sensor node will never switch to sleep mode during the reception of these fragments. Fig. 3a illustrates the node's operations during the fragment reception for Case 1.
From this figure, we denote by t case1 as the awake time, which includes both receiving time t rcv and idle time t idl . Thus, t case1 can be computed by the following expression, n f is the number of fragments
On the other hand, for the second case (i.e., Case 2, Fig.  3b ) we consider a scenario where a sensor node has a fixed interval for sleep mode [9] . In principle, this method forces a sensor node to go to sleep mode even if it has a packet to transmit to other nodes or receives from other nodes. The main idea of such an approach is to reduce the energy consumption of sensor nodes [9] . Let us consider a scenario where a sensor node receives a fragment, given the sleep mode approach in our second case, there is a possibility that a sensor node may change its status to sleep mode after receiving a fragment (refer to Fig. 3b) . Thus, we have to consider the sleep mode in our formulation, which is given by the following expression,
In general, the amount of energy consumed by a sensor node for a particular state can be computed by e x = p x t x , where x represents the state of a node, which may exist in the form of receive, idle, and sleep modes. Note that p x and t x represent the power and time, respectively, for the aforementioned states. Nevertheless, for the receive mode, we have to consider the probability of a successful transmission of the transmitted frame. In particular, when a sensor node receives a frame, the amount of energy consumed can be represented by e rcv = (p rcv t rcv )/P s , where p rcv is the received power in Watt, and t rcv is a function of f s and h as well as the transmission rate (R) in bits per second, and P s is the probability of a successful transmission for a single fragment. The t rcv can be computed as t rcv = (f s + h)/R, and the P s can be approximated by P s = (1 − BER) (fs+h) . Thus, the total energy consumption during the all fragments reception can be approximated as follows, where, e overhead represents the value of energy consumption for both fragmentation and reassembling [10] .
IV. PERFORMANCE EVALUATION
Our simulation is based on the information of the MICAz specification [11] . In particular, using this specification we adopt the standard values for p rcv , p idl , and p slp to compute the energy consumption of MICAz sensor nodes for receive, idle and sleep mode, respectively. Meanwhile, the BER is fixed at 10 −4 throughout the simulation, and since the t idl is an unknown parameter, we used a random number based on normal distribution. We consider two distinct cases, which can be summarized as follows:
• Case 1 -the sensor node stays awake until it receives the last fragments.
• Case 2 -the sensor node operates according to a predefined and fixed interval of sleep mode. analyze the impact of packet fragmentation and header compression, the simulation investigates three possible conditions for IP packet and header of a sensor node, (i) unfragmented and uncompressed, (ii) unfragmented and compressed, and (iii) fragmented and compressed. From Fig. 4a , it is apparent that the header compression process i.e., compressing the header from 40 byte (IPv6 headers) to 11 bytes (6LoWPAN header), somehow reduces the energy consumption of a sensor node. In particular, the compression process may save up to 3 percent of node's energy especially at the higher number of packets.
On the other hand, the fragmentation process increases the node's energy consumption. This is mainly due to the generation of multiple packet fragments, and since the node has to transmit all these fragments, it consumes more energy (i.e., up to 10 percent) than the transmission of a single packet.
The same explanation applies to Case 2 (refer to Fig. 5 ). Recall that, for this case, the sensor node possesses a fixed sleep interval, which is mainly for reducing the amount of its energy. Unfortunately, there is a possibility that a node is in a sleep mode when the packet/fragment eventually leads to packet dropping. In such a case, it has to retransmit the entire packets, and therefore consumes more energy than the one in Case 1. Note that, The retransmission consideration is out of scope of this paper, namely, all fragments are received and no need to retransmission.
As previously mentioned in this paper, the header size of 6LoWPAN packet may vary from 2 to 11 bytes, depending on the type of application. Therefore, it is worthwhile to investigate the impact of the header size on the energy consumption of a sensor node. We consider four different header sizes (i.e., 2, 5, 7, 11 bytes) as illustrated in Fig. 6 .
From the figure, it is apparent that a larger header size has a more severe impact on the node's energy consumption. Since each fragment has to be attached with a specific header, a larger header size means a smaller data payload size (i.e., since the MTU is fixed). Thus, a larger header size somewhat contributes to an increase number of packet fragments, thereby affecting the energy consumption of sensor nodes.
V. CONCLUSION
In this paper, we analyzed the impact of adaptation layer to the energy consumption of 6LoWPAN nodes. Two main tasks of adaptation layer, namely, packet fragmentation and header compression have been considered in our analytical formulation. From the results, we may conclude that the adaptation layer, in particular packet fragmentation operation, somehow increases the energy consumption of sensor nodes. In contrary, by compressing the header, we may save up to 3 percent of the node's energy.
